The basal mantle of the Semail ophiolite directly overlying the metamorphic sole has been affected by a late and relatively low temperature ductile deformation event, ascribed to the deformation of the mantle just above the plate interface during subduction infancy (which ultimately led to ophiolite obduction). We show that this deformation results in the formation of proto-mylonitic ($850-750 C) to ultra-mylonitic ($750-650 C) shear zones wrapping lenses of porphyroclastic tectonites deformed at higher temperature ($1200 C). In proto-to ultra-mylonites, syn-deformation hydrous fluid/peridotite interaction triggered the dissolution of coarser grains (olivine1, orthopyroxene1 and clinopyroxene1) and the crystallization of polymineralic mixtures of smaller grains (olivine2, orthopyroxene2, clinopyroxene2, spinel2 6 sulfide, together with magnesio-hornblende to pargasitic amphibole). This modal metasomatism is associated with cryptic metasomatism marked by striking mineral enrichment in some fluid-mobile-elements (especially B and Li). From the major and trace elements composition of the newly precipitated grains and estimated conditions of fluid/peridotite interaction ($800 C), we interpret the metasomatic agent as a fluid derived from the dehydration of the amphibolitic to granulitic metamorphic sole (i.e. the metamorphosed crust from the downgoing plate) underlying the mantle during incipient subduction. We propose that this high temperature sole was accreted to the proto-mylonitic banded unit while dehydrating and that both units were exhumed together during peridotite ultra-mylonitic deformation, thereby preserving a fossilized warm subduction interface and evidence of an incipiently (de)forming mantle wedge.
INTRODUCTION
The Semail (or Oman) ophiolite, classically regarded as being the world's largest and best-preserved direct analog for oceanic lithosphere generated at fast mid-ocean ridges (Boudier & Coleman, 1981; Lippard et al., 1986; Nicolas et al., 2000) , has attracted numerous studies devoted to understanding oceanic accretion processes (e.g. Ceuleneer et al., 1988; Kelemen et al., 1995; Godard et al., 2000; MacLeod & Yaouancq, 2000; Dijkstra et al., 2002a; Le Mé e et al., 2004) . A few studies have, however, also pointed out significant (structural, petrological and geochemical) modifications of its mantle base, which they attributed to the early stage of ophiolite obduction Khedr et al., 2013 Khedr et al., , 2014 Falk & Kelemen, 2015; Yoshikawa et al., 2015) , i.e. during intra-oceanic 'underthrusting' or 'subduction' (a tectonic stage referred to here as 'early subduction'; Agard et al., 2016 and references therein) .
Two petrological units located at the base of the Semail ophiolite, formed and deformed during this early subduction stage, are of particular importance (Searle, 1980; Boudier & Coleman, 1981; Spray, 1984; Jamieson, 1986; Lippard et al., 1986; Stern & Bloomer, 1992; Suhr & Batanova, 1998; Agard et al., 2016) : (i) a $20-200 m thick unit of metamorphosed oceanic crust (the 'metamorphic sole') overlain by (ii) a < 500 m thick base of ophiolitic peridotites (the 'banded unit'). The metamorphic sole corresponds to slivers of crustal material once part of the downgoing plate metamorphosed at high temperature and underplated (Bucher, 1991; Hacker & Gnos, 1997; Agard et al., 2016; Soret et al., 2017) during its incipient descent through the young and hot mantle (Spray, 1984; Wakabayashi & Dilek, 2000 . The thinly foliated peridotites of the overlying banded unit, in contrast, were part of the upper plate or 'mantle wedge' (in the following, the latter is referred to as the entire column of peridotite overlying the downgoing lithosphere in obduction/subduction settings). These basal peridotites have been affected by an intense ductile deformation at relatively low temperature (LT deformation event; Nicolas et al., 2000) , during cooling from asthenospheric temperature conditions down to $700 C (Linckens et al., 2011a) . The consistency of ductile deformation in these two units (foliation, folding, pressure-temperature conditions) has been taken as evidence for their coeval deformation and cooling during early subduction (Searle & Malpas, 1980; Boudier & Coleman, 1981; Spray, 1984; Jamieson, 1986; Lippard et al., 1986; Gnos & Nicolas, 1996; Suhr & Batanova, 1998) .
Whilst the Semail ophiolite base preserves unique information on processes affecting the mantle along an incipient subduction zone, a detailed study of its petrological evolution in response to subduction-related deformation is still missing. Based on an extensive alongstrike sampling of the basal ophiolitic peridotites, the present study, therefore, aims at characterizing: (1) the petrological and geochemical modifications of these peridotites during their subduction-related LT ductile deformation; (2) possible fluid/melt-mediated element transfer from the downgoing plate to the overlying ophiolitic mantle (and subsequent mantle hydration processes); and (3) the pressure-temperature (P-T) evolution of this basal mantle during ductile deformation and its links with the tectono-metamorphic evolution of the underlying metamorphic sole.
GEOLOGICAL SETTING
The Semail ophiolite is a fragment of oceanic lithosphere (from the now almost vanished Tethys Ocean; Dercourt et al., 1986) thrust by NE-dipping intra-oceanic underthrusting/subduction during the Cretaceous and finally emplaced onto the Arabian continental margin (Coleman, 1981; Lippard et al., 1986; Agard et al., 2007) . The ophiolite sensu stricto includes, from top to bottom, a 4-8 km thick crustal sequence, a 8-12 km thick mantle sequence and a much thinner metamorphic sole ( Fig. 1a; e.g. Smewing, 1980; Boudier & Coleman, 1981; Hopson et al., 1981; Browning, 1982; Nicolas et al., 1988) .
The ophiolite crustal section
Two main phases of magmatism have been described in the Semail ophiolite, both within the crustal sequence and as mantle dykes (Pearce et al., 1981; Alabaster et al., 1982; Lippard et al., 1986; Ernewein et al., 1988; Godard et al., 2003; Python & Ceuleneer, 2003; Goodenough et al., 2014) . The units associated with the first magmatic phase (>60% of the extrusive rocks; Fig. 1a ; Nicolas et al., 2000) , called the V1 or Geotimes unit, formed in an extensional tectonic setting from $96Á5 to 95Á5 Ma (Searle & Cox, 1999; Rioux et al., 2013 Rioux et al., , 2016 . This magmatism displays normal-mid ocean ridge characteristics except for slight Nb-Ta negative anomalies and fractionation trends requiring 0Á2-1 wt % of water during magmatic differentiation (MacLeod et al., 2013) . The second phase of magmatism, V2 (95Á4-95Á2 Ma; Rioux et al., 2013) , is found in the central and northern massifs and comprises two main magmatic suites: Lasail and Alley (Fig. 1a) . V2 lavas are depleted in moderately incompatible elements relative to V1, but the Alley suite is selectively enriched in the most incompatible and mobile elements (Pearce et al., 1981; Alabaster et al., 1982; Godard et al., 2003 Godard et al., , 2006 . The Alley suite also includes boninites (Ishikawa et al., 2002) . These V2 lavas are interpreted by all these authors as resulting from fluidassisted melting of a depleted MORB mantle (DMM) source. Based on these geochemical characteristics, some authors proposed that the Semail ophiolite entirely formed above a spontaneously initiating subduction zone (Pearce et al., 1981; Searle & Cox, 1999; MacLeod et al., 2013; Rioux et al., 2013) . The other end-member model relates the first magmatic phase to accretion at an oceanic spreading center, with fluids added to the V2 mantle source either of near-axis hydrothermal origin (Benoit et al., 1999) or of subduction-related origin, released during early intra-oceanic underthrusting (Boudier et al., , 1997 Ernewein et al., 1988; Godard et al., 2003 Godard et al., , 2006 or subduction (Goodenough et al., 2014) .
The ophiolite mantle section
The Semail ophiolitic mantle sequence is mainly composed of refractory peridotites, harzburgites with <1% clinopyroxene (Cpx) and dunites, crosscut by mafic and ultramafic dykes (Lippard et al., 1986; Godard et al., 2000; Python & Ceuleneer, 2003; Monnier et al., 2006) . The peridotites mainly display coarse granular microstructures resulting from high temperature (HT) ductile deformation Ceuleneer et al., 1988; Nicolas et al., 2000; Monnier et al., 2006) . The HT deformation patterns reveal the presence of mantle diapirs and are attributed to 'asthenospheric' mantle flow during V1 magmatic accretion Jousselin et al., 1998) . Preservation of these HT microstructures is interpreted as resulting from conductive cooling of the oceanic lithosphere without overprinting by a later ductile deformation event.
A lower temperature deformation event locally overprints this HT deformation, resulting in porphyroclastic to ultra-mylonitic peridotite textures Nicolas et al., 2000; Linckens et al., 2011a ; LT peridotites in Fig. 1a ). This LT deformation principally affects the base of the mantle within the first 500 m (i.e. within the 'banded unit') and up to $2-3 km above the metamorphic sole contact (Nicolas et al., 2000; Takazawa et al., 2003) . Foliation and lineation patterns associated with this LT ductile deformation reveal topto-the-S to top-to-the-W dynamics and are similar to those of the underlying metamorphic sole (Nicolas et al., 2000) . Subvertical LT sinistral shear zones, connected to this LT basal shear zone, are thought to have been reactivated during the same deformation event Nicolas et al. (2000) , showing its different petrological units. Studied samples are located in the low temperature (LT) mylonitic peridotites (banded unit), just above the metamorphic sole. (b) View across the banded unit in the Fizh massif. Samples were collected above and away from the HT (amphibolitic to granulitic) metamorphic sole. (c) Sample location within the banded unit, with emphasis on their microstructure (color coding marks the intensity of deformation and thicker contours the presence of ultramylonitic bands, UMB), petrology and provenance (one symbol per ophiolitic massif). Samples correspond to type I lherzolites except for a few type II lherzolites (Lz II) and Cpx-harzburgites (Cpx-hz). All framed samples were analysed for major element mineral chemistry. A thicker frame indicates those for which trace elements were also analysed in selected minerals. See Table 1 . and to have accommodated a strike-slip component of deformation. Linckens et al. (2011a) showed that deformation and strain localization in one of those vertical shear zones occurred under cooling (from $1200 C for the porphyroclastic, 900-800 C for the proto-mylonitic to $700 C for the ultramylonitic deformation). This LT deformation event has been ascribed to deformation of the overlying young and hot oceanic mantle during early intra-oceanic underthrusting/subduction and associated cooling by thermal re-equilibration with the downgoing plate (e.g. Boudier & Coleman, 1981; Nicolas et al., 2000) .
Fertile peridotites have been observed in the LT peridotites: lherzolites (>5% Cpx) and Cpx-harzburgites (>2% Cpx) have been described in both the basal and the vertical shear zones (Lippard et al., 1986; Godard et al., 2000; Takazawa et al., 2003; Styles et al., 2006; Linckens et al., 2011b; Khedr et al., 2013 Khedr et al., , 2014 Yoshikawa et al., 2015) . Basal lherzolites have been classified into two groups (type I and II) in the Fizh and Sarami massifs, mainly based on rock microstructure and constituent pyroxene major and trace element chemistry. Type I lherzolites appear to be massive, whereas type II lherzolites seem to display greater deformation (with mylonitic to porphyroclastic textures) and pyroxene in type II lherzolite has a more fertile composition (e.g. Na 2 O Cpx >0Á6 wt %; Takazawa et al., 2003; Khedr et al., 2013 Khedr et al., , 2014 . The origin of these basal lherzolites has so far been related to magmatic processes occurring before the LT deformation, i.e. either (i) a decrease in the degree of anhydrous partial melting with increasing depth during V1 accretion (with type II having a composition close to DMM peridotites; Khedr et al., 2013 Khedr et al., , 2014 Yoshikawa et al., 2015) , or (ii) refertilization of residual peridotites (harzburgites) by LREEdepleted percolating melts where Cpx crystallized at the expense of orthopyroxene (Opx) at the lithosphere/asthenosphere boundary (Lippard et al., 1986; Godard et al., 2000; Takazawa et al., 2003) .
The metamorphic sole and the banded unit
The metamorphic sole is composed of imbricated thrust sheets that display an apparent inverted metamorphic gradient, from greenschist (LT sole) at the base up to amphibolite/granulite (HT sole) at the upper contact with the ophiolitic mantle (Ghent & Stout, 1981; Searle & Cox, 1999; Cowan et al., 2014) . Soret et al. (2017) recently showed that accretion of the metamorphic sole to the overlying peridotite occurred in a step-wise manner. Sub-units successively accreted during the exhumation of the ophiolite. Peak conditions of HT sole metamorphism were determined at 800 6 50 C and 10 6 2 kbar, i.e. at $30 km depth (Hacker & Gnos, 1997; Cowan et al., 2014; Agard et al., 2016; Soret et al., 2017) , and the LT sole at $550 6 50 C and 5 6 2 kbar (Bucher, 1991; Soret et al., 2017) . Peak metamorphism of the HT sole was dated around 94Á8-96Á2 Ma (Warren et al., 2005; Rioux et al., 2013 Rioux et al., , 2016 and is, therefore, synchronous with the ophiolite crustal sequence. This shows that the overlying oceanic lithosphere was very young and hot when the metamorphic sole formed during early underthrusting/subduction. Ishikawa et al. (2005) suggested that HT sole amphibole destabilization occurred at peak metamorphic conditions, producing a fluid mobile element (FME)-enriched fluid. Partial melting of the overlying assisted by those fluids was proposed to explain the composition of the V2 lavas of the Lasail (Godard et al., 2006) and Alley suites (Ishikawa et al., 2005) .
Above the metamorphic sole contact, a 200 to 500 m thick banded unit is observed (Fig. 1b) . It is composed of highly strained mylonitic peridotites with a foliation parallel to the basal contact, that formed at lower temperatures ($1000-700 C) than the overlying mantle section (Searle, 1980; Boudier & Coleman, 1981; Lippard et al., 1986) . This banded unit comprises centimetric to decimetric mylonitic to ultra-mylonitic shear bands that wrap or alternate with less deformed metric peridotitic lenses or bands. Sparse data indicate that these peridotites underwent metasomatic processes, with the constituent minerals (olivine and pyroxenes) enriched in FMEs (Khedr et al., 2014; Yoshikawa et al., 2015; Prigent et al., 2018) and amphibole reported in two samples of Sarami lherzolite (Khedr et al., 2013 (Khedr et al., , 2014 . These enrichments have been attributed to the percolation of metamorphic sole-derived fluids through the overlying mantle. So far, however, the link between metasomatism and peridotite deformation (i.e. its extent, thermal conditions, timing) has not been investigated in detail.
SAMPLING STRATEGY AND ANALYTICAL TECHNIQUES
In order to study the petrological and geochemical evolution of the basal peridotites during LT ductile deformation and cooling, we collected peridotite samples across the basal banded unit directly overlying the metamorphic sole. Sampling was carried out all along the strike of the ophiolite in search of lateral similarities and/or contrasts. Two cross-sections are fully documented in the Fizh and Haylayn massifs (Fig. 1b, c) , encompassing the range of deformation from porphyroclastic tectonites to ultra-mylonites. In the other massifs, only ultramylonites or (proto)mylonites with ultramylonitic bands (UMB) were investigated in detail. Dunites were not studied.
Petrographic study: mineral modes and textures
Mineral modes, determined by least square mass balance calculation (using whole-rock and mineral major element compositions) are reported in Table 1 . Wholerock major element analyses were performed by SARM-CRPG (Nancy, France: http://helium.crpg.cnrsnancy.fr/SARM/) using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES; Thermo Elemental IRIS radial) after fusion with LiBO 2 and dissolution with HNO 3 . Uncertainties (61SD) were less than 1% for SiO 2 , 1-5% for MgO, Fe 2 O 3 , CaO and MnO, 5-10% for Al 2 O 3 and TiO 2 and <25% for oxides with <0Á05 wt %. Results are reported in Supplementary Data Table A1 (supplementary data are available for downloading at http://www.petrology.oxfordjournals.org).
Due to the very small grain size of some samples, electron backscatter diffraction (EBSD) maps were also used for determining mineral modes, grain distribution and grain textures at the thin section scale in 21 samples. Mineral crystallographic study of the EBSD data is beyond the scope of this study and is not detailed here. EBSD patterns were generated on a Camscan Crystal Probe X500FE scanning electron microscope (SEM-EBSD, Geosciences-Montpellier, France) and the resulting images were processed using two software packages: Channel 5 (HKL Oxford Instruments 5) and MTEX (Bachmann et al., 2010) . Crystal identification and lattice orientation were measured in automatic mode on polished thin sections with sampling steps ranging from 1 to 50 lm depending on mean grain size. Rates of indexing were between 95 and 50% mainly depending on the degree of serpentinization. Raw maps were first processed using Channel 5 in order to remove isolated pixels, correct errors due to olivine hexagonal pseudosymmetry and fill non-indexed pixels surrounded by 5 or 6 identical (phase and orientation) neighbours. In MTEX, grains comprising less than 4 pixels were discarded. In the EBSD maps shown here, grain boundaries (in black) were defined as the boundary between two different phases or between two adjacent pixels of the same phase with >15 of crystallographic misorientation. Table 1 reports mineral modes calculated considering that non-indexed points are mainly serpentine minerals.
The discrepancy between olivine and orthopyroxene modes from the two methods (inversion method and EBSD maps) are partly explained by the presence of secondary alteration phases (mainly serpentine). However, calculated clinopyroxene modes are in close agreement (within 63%) and the sample rock type, based on its mineralogy (lherzolites with >5% Cpx; Cpx-harzburgite with >2% Cpx), is similar with the two methods. So we used the inversion-based modes when possible and those from EBSD maps otherwise. The inversion method does not predict the presence of HT amphibole and sulfide, whereas they are observed in thin sections up to $3 area % and <1 area % respectively.
Major element mineral compositions
The major element composition of the constituent minerals of twelve samples (2 porphyroclastic tectonites, 5 protomylonites, 4 mylonites, 1 ultramylonite and within (proto)mylonites, 4 containing UMB) were studied by electron microprobe using a JEOL JXA-8230 at ISTerre (Grenoble, France). Samples analysed are indicated on Fig. 1c . Olivine composition was measured at an accelerating voltage of 20 kV and a beam current of 300 nA, following the procedure of Sobolev et al. (2007) . San Carlos olivine was used for major element standardization and precision estimation. For other silicates and spinel an accelerating potential of 15 kV and 20 kV and a 12 nA and 50 nA beam current were used, respectively, for analysis. Standardization was made using synthetic oxides and natural minerals. Average major element compositions of minerals in representative samples and associated standards deviation are listed in Supplementary Data Table A1 and shown for representative analyses in Table 3 .
Trace element geochemistry
We analysed orthopyroxene and clinopyroxene trace element compositions in seven samples: three protomylonites (13-81, 13-82 and 13-83) , three mylonites (13-121, 13-77and 11-10 that contains UMB) and one ultramylonite (11-01). Since amphibole is generally small in the studied thin sections, its composition could be reliably measured in four samples only (13-121, 13-82, 13-81 and 11-10) . Measurements were performed in situ on 150 lm thick polished sections using a laser ablation system (Geolas Q þ 193 nm Excimer CompEx 102 laser) coupled to a ThermoFinnigan Element 2 XR (eXtended Range) Inductively Coupled Plasma Mass Spectrometer (ICP-MS) at Gé osciences Montpellier (Montpellier University, France). The laser was fired using an energy density of 10 J/cm 2 at a frequency of 8 Hz and spot sizes of 102 or 51 lm depending on mineral size. The analytical method, optimized for ultramafic rocks, is described in details in Deschamps et al. (2010 Table 4 .
Thermobarometry
The thermobarometers used below rely on the temperature and pressure dependency of element partitioning in a single Opx or between two equilibrated phases. We applied the equations based on single Opx grain composition (T Ca in Opx of Brey & Kö hler, 1990 ; T Al-Cr in Opx of Witt-Eickschen & Seck, 1991) and, on co-existing Opx/Cpx (T 2Px / P 2Px of Putirka, 2008 ; T REE of Liang et al., 2013) and olivine/spinel (T Ol-Spl of Jianping et al., 1995) compositions. Only adjacent Cpx and Opx grains in textural equilibrium were considered and chemical equilibrium between them was assessed by comparing for each Opx-Cpx pair their effective K Cpx Opx D (Fe-Mg) with the one expected at the temperature estimated with the T Al-Cr in Opx using the temperature-dependent calibra-
FeÀMg by Kretz (1963) . Values diverging by more than 5% from the expected K D value were discarded.
PETROGRAPHY
Basal peridotites from the banded unit have highly variable textures, mostly identified at the thin section scale, with millimetric to micrometric grain sizes. Peridotites were classified using the nomenclature of Linckens et al. (2011b) into porphyroclastic tectonites, protomylonites, mylonites and ultramylonites with decreasing grain size, i.e. increasing intensity of deformation ( Fig. 1c; Fig. 2 ; Table 1 ). The main features of each category (grain size, mineral textures and major element composition) are described below.
Overview of textures and lithologies
Ultramylonites and (proto)mylonites comprising UMB are present in the basal part of every massif except Fizh. They crop out just above the contact with the metamorphic sole or up-section in the core of shear zones that are parallel to the LT foliation (e.g. $150m above the contact in Haylayn; Fig. 1c ). The least deformed end-members have porphyroclastic textures in Haylayn and protomylonitic ones in Fizh (Fig. 1c) .
All analysed samples are spinel-bearing peridotites ranging from lherzolite to Cpx-harzburgite (see mineral modes in Table 1 ). Clinopyroxene ranges from 5 to 12% in lherzolites, and from 3 to 5% in Cpx-harzburgites sampled in Fizh and Haylayn. Through the Fizh and Haylayn cross-sections, where lherzolites predominate, 
Ol, olivine; Opx, orthopyroxene; Cpx, clinopyroxene: Spl, spinel; Amp, amphibole; Sulf, sulfide.
the mineralogy shows no clear correlation with the distance to the metamorphic sole or with the degree of deformation ( Fig. 1c ; Table 1 ). In the core of the shear zone located up-section in Haylayn (Fig. 1c) , the mineralogy of protomylonites to UMB-bearing mylonites does not significantly differ from that of the less deformed porphyroclastic lherzolites nearby (except for one protomylonitic Cpx-harzburgite: 14-06a; Fig. 1c ). Mylonites, located immediately above the contact contain slightly less clinopyroxene (Cpx-harzburgite with $3-5% Cpx) than the less deformed overlying lherzolites ($5-10% Cpx). Contrary to previous studies, no systematic textural difference was observed between type I and type II lherzolites. Though porphyroclastic tectonites are only type I lherzolites, both types encompass the whole range of mylonitic microstructures (Fig. 1c) . In Cpxharzburgites and lherzolites, amphibole is also part of the mineral assemblage (Figs 2-5). Modal abundances of amphibole are $2-3%, $0-1Á5% and 3-4% in the northern, central and southern massifs, respectively ( Fig. 3 ; Table 1 ). The amphibole content gently increases with increasing deformation (Fig. 3 ), e.g. from 0Á3 area % in porphyroclastic tectonites, 0Á8 area % in protomylonites to 0Á9 area % in UMB-bearing mylonites along the Haylayn cross-section (Fig. 3 ). Small amounts (<1 area %) of Fe-Ni sulfide are also found in some samples, independent of lithology and microstructure. Secondary serpentinization in basal peridotites ranges from $5 to 52 area % ( Table 1 ). The extent of serpentinization depends on both lithology and deformation, increasing with peridotite depletion and decreasing with increasing deformation: samples with UMB show only 5 to 11 area % of serpentinization. Serpentine is associated with magnetite, talc, carbonates and tremolite. As we are studying the evolution of basal peridotites during ductile deformation, processes associated with later serpentinization will not be addressed in the sections below.
Porphyroclastic tectonites
In Haylayn porphyroclastic tectonites, porphyroclasts are up to cm-scale orthopyroxene (Opx1) and 3 mm olivine (Ol1). The polymineralic finer-grained (<1 mm) domains define bands that are parallel to the foliation plane ( Fig. 2a ; Table 2 ).
In most cases, Opx1 is dissected and appears as millimetric grains at the thin section scale (Fig. 2a) . It has irregular shapes due to: (1) embayment of other minerals at grain boundaries (e.g. Clinopyroxene frequently displays spinel exsolution (with deformation-related S-shapes in places), both in coarser grains of the polymineralic domains and in smaller interstitial grains crystallizing at Ol1 grain boundaries or in Opx1 fracture-like features (Supplementary Data Figs A1a, i) . Since exsolution-bearing clinopyroxene crystallizes above or close to the peridotite solidus (Garrison & Taylor, 1981) and clinopyroxene porphyroclasts are lacking, we refer to the clinopyroxene present in the polymineralic domains as Cpx1 (Table 2 ). For the same reason, spinel from polymineralic domains is referred to as Spl1. In contrast to orthopyroxene porphyroclasts (Opx1), interstitial orthopyroxene appears free of Cpx-exsolutions, suggesting a different composition and, or, a lower temperature of crystallization. These are defined as Opx2 t . Fe-Ni sulfides are also present as disseminated grains in the olivine matrix or as symplectitic intergrowth with Cpx1 (Supplementary Data Fig. A1h ). Small amphibole crystals (Amp t ; 10-100 mm) are found in some porphyroclastic tectonites, at the periphery of Opx1 or at the edges of Cpx1 (Fig. 2a) . Amphibole is not at textural equilibrium with nominally anhydrous minerals (i.e. neither with porphyroclasts, nor with minerals from the polymineralic domains), but rather replaces them and destabilizes their grain boundaries (Supplementary Data Fig. A1d ). The rock paragenesis is reported in Table 2 .
Protomylonites
Protomylonites comprise two domains with different grain sizes: porphyroclasts and finer-grained polymineralic domains located around pyroxene porphyroclasts and extending along the foliation plane (Figs 4a and 5a).
Porphyroclasts, orthopyroxene (Opx1), olivine (Ol1), spinel (Spl1) and clinopyroxene (Cpx1; except in Cpxharzburgites where Cpx1 is not present; Table 2 ), have equivalent grain diameters in the range of $1-3 mm for pyroxene (similar to dissected Opx1 in porphyroclastic tectonites) and $500 mm-2Á5 mm for olivine and spinel (Fig. 5a ). Opx1 shows thin exsolution lamellae of clinopyroxene ( Fig. 4c) , whereas Cpx1 may have either thick Opx or Spl exsolutions, as for Cpx1 in porphyroclastic tectonites ( Fig. 4b, d ). Pyroxene porphyroclasts (Opx1 and Cpx1) have also highly irregular grain boundaries due to embayment of finer-grained minerals, recrystallization in fracture-like sites or triple junctions, or partial replacement by smaller grain polymineralic aggregates (e.g. Fig. 4c, d ).
These fine-grained domains surrounding and replacing pyroxene porphyroclasts comprise olivine (Ol2 p ; $50-500 mm), clinopyroxene (Cpx2 p ; $10-300 mm), orthopyroxene (Opx2 p ; $10-400 mm), spinel (Spl2 p ; 10-200 mm), amphibole (Amp p ; $10-350 mm) and Fe-Ni sulfides ($10-300 mm; Table 2 ). Together with Ol2 p , Opx2 p is the dominant phase in Haylayn protomylonite polymineralic domains, whereas this is Cpx2 p in Fizh samples (Figs 2b and 4a). Contrary to porphyroclasts, Opx2 p and Cpx2 p are devoid of exsolution. Phases constituting the polymineralic aggregates replacing pyroxene porphyroclasts are also disseminated along the foliation plane, crystallizing as interstitial phases at Ol1 grain boundaries or triple junctions (Fig. 4e) . Some have very irregular shapes with cusps along Ol1-Ol1 grain boundaries and frequently co-crystallized (Fig. 4e ). Amp p is only found in these polymineralic domains adjacent to small Cpx2 p , Opx2 p , Spl2 p and Ol2 p or as single grains disseminated at Ol1 grain boundaries (Figs 4d and 5a). It is noteworthy that Amp p always scales with the grain size of the grains from the polymineralic domains (Supplementary Data Fig. A2 ) and shares regular and often straight grain boundaries with them (contrary to Amp t ). This suggests that amphibole did not statically replace small Opx2 p and Cpx2 p grains but rather cocrystallized with them as part of the polymineralic aggregates.
Mylonites
Lherzolitic mylonites comprise Opx1, Cpx1 and Spl1 porphyroclasts, whereas Cpx1 is absent in Cpxharzburgites. Around porphyroclasts, the mylonitic matrix is composed of two domains with different grain sizes defining layers parallel to the foliation: a coarsergrained Ol-rich domain and a finer-grained polymineralic domain (Table 2) .
Orthopyroxene porphyroclasts (Opx1) reach up to $2Á5 mm. They are rounded in places but also show very irregular shapes with similar characteristics to those in protomylonites, thereby suggesting their replacement by the finer-grained polymineralic aggregates. Cpx1 and Spl1 porphyroclasts are somewhat smaller ($700 mm and $600 mm respectively) and have subhedral textures with elongation parallel to the foliation. Some olivine grains in the Ol-rich domains (Ol1: $100-800 mm) are elongated and display intense undulose extinction.
In finer-grained polymineralic domains, olivine grains (Ol1: $10-200 mm) have very irregular boundaries due to interstitial phases (Opx2 m , Cpx2 m , Spl2 m , Amp m , Ol2 m 6 Sulf; Table 2 ) crystallizing at their grain boundaries and grain junctions (Fig. 2c ). These polymineralic layers are continuous at thin section scale. As in protomylonites, Opx2 m and Cpx2 m are free of exsolution and found as symplectitic intergrowths with Spl2 m . All the minerals composing the polymineralic domain are also found along Ol1 sub-grain boundaries. They have very irregular shapes with cusps in between Ol1-Ol1 grain boundaries, and embay or completely armor Ol1 grains (Fig. 2c) . Their sizes vary from a few microns to $200 mm. Amp m is present in all mylonites except in the mylonitic zone of the Wadi Tayin sample (11-10; Figs 1c and 5f) and is less abundant in Cpx-harzburgites of Fizh (13-80 and 13-77) than in other lherzolitic mylonites (Table 1) 
Ultramylonites and ultramylonitic bands
Ultramylonites were only found at the base of the Sumail massif and consist of a more homogeneous and a very fine-grained (<100 mm) polymineralic matrix wrapping (i) pyroxene porphyroclasts (Opx1, Cpx1 and Spl1) and (ii) preserved millimetric protomylonitic lenses dominated by pyroxenes (Fig. 5e) . In other massifs (Khawr Fakkan, Sarami, Haylayn and Wadi Tayin), parallel and rarely anastomosed UMB formed within a less deformed, mylonitic or protomylonitic matrix (Figs 2c and 5f ). The UMB are thinner ($10 to 200 mm) in protomylonites than in mylonites (where they range between $300 and 500 mm). These UMB share similar characteristics (mineral grain sizes and textures) with those in the fine-grained domains of ultramylonites. Similar UMB within protomylonites and ultra-mylonites have also been described in LT vertical shear zones cross-cutting the Semail ophiolite (Linckens et al., 2011b) and the change from the first to the second type was interpreted as a result of higher strain under similar deformation conditions.
The ultramylonitic fine-grained domains and UMB comprise a well-mixed assemblage of multiple phases (Figs 2c and 5e, f; Table 2 ). Olivine grains range from a few microns to $100 mm with mean grain sizes of about 15 mm Coarser olivine grains (Ol1) commonly have irregular grain boundaries and may contain pyroxene inclusions (Fig. 2c) . Smaller olivine grains (Ol2 u ; <20 mm) are more euhedral, do not contain any inclusions and share triple or quadruple junctions (Figs 2c and 5f). Other small phases (Opx2 u , Cpx2 u , Spl2 u , Ol2 u and Amp u ; Table 2 ) are often euhedral and crystallized at Ol1 grain boundaries or olivine triple/quadruple grain junctions, whereas coarser ones (>20 mm) have more irregular shapes (Figs 2c and 5f ). UMB are often enriched in these secondary phases compared to the less deformed protomylonitic, olivine-richer matrix nearby. These minerals have interstitial textures partly armouring Ol1 grains. Amp u , again, has a similar size to other phases (Supplementary Data Fig. A2 ) and appears at textural equilibrium with them.
MAJOR ELEMENT CHEMISTRY
Olivine composition primarily depends on the type of sample. In more fertile lherzolites, olivine has a mean (d) show the replacement of Opx1 and Ol1, respectively, by a fine-grained mixture composed of (Ol2 p 6 Cpx2 p 6 Opx2 p 6 Spl2 p 6 Amp p ). (e-f) Mineralogy and microstructure of the ultramylonite and one UMBbearing mylonite from the southern Sumail (11-01) and Wadi Tayin (11-10) massifs, respectively. Amphibole is preserved in protomylonitic lenses in Sumail (e), whereas amphibole forms during the UMB stage (f) in Wadi Tayin (but is absent from mylonitic zones).
Mg# (¼Mg/(Mg þ Fe 2þ )) of 0Á900-0Á909, whereas olivine Mg# in Cpx-harzburgite is higher (0Á913 on average in sample 13-77; Table 3 ). The texturally different generations of olivine are homogeneous in terms of composition (e.g. similar Mg# in Ol1, Ol2 t , Ol p , Ol2 m and Ol2 u in lherzolites; Table 3 ).
As exemplified in Fig. 6a , orthopyroxene composition is very heterogeneous (e.g. Mg# from 0Á898 to 0Á917 and Al 2 O 3 from 0Á3 to 5Á6 wt %). The Opx1 composition also depends on the peridotite type; Opx1 in lherzolitic samples displays similar Mg# (up to 0Á910) whereas Opx1 Mg# in Cpx-harzburgite is higher (from 0Á914 to 0Á916). Its Al 2 O 3 content is higher in type II lherzolite than in type I lherzolite and decreases in Cpxharzburgite (Fig. 6a) . Secondary orthopyroxenes (Opx2) have Mg# close to those of Opx1 (0Á901-0Á913 in lherzolite and 0Á913-0Á917 in Cpx-harzburgite; Fig. 6a Table A1 ) are also observed with decreasing grain size.
In type II lherzolite, Cpx1 has higher Al 2 O 3 (4Á4-6Á2 wt %) and Na 2 O (0Á90-1Á26 wt %) concentrations and lower Mg# (0Á920-0Á931) compared to Cpx1 of type I lherzolite (2Á0-4Á0 wt %, 0Á04-0Á28 wt % and 0Á927-0Á943, respectively; Fig. 6a, b) . Cpx1 has similar composition as that reported for clinopyroxene in basal type I and II lherzolites ( Fig. 6b ; Takazawa et al., 2003; Khedr et al., 2013) , except for Cpx1 in type II lherzolite samples from Fizh, Fig. 6 . Major element composition of orthopyroxene (Opx; (a)) and clinopyroxene (Cpx; (a-c)) for the twelve samples highlighted in Fig. 1c (symbols and colours for location and microstructure, respectively). The lithology (type I and II lherzolites,Lz,and Cpx-harzburgite-Cpx-hz), is specified when possible by dotted black lines or circles. Thicker contours for pyroxene porphyroclasts (Opx1 and Cpx1) highlight compositional variations with respect to finer grains (Opx2 and Cpx2). Domains of clinopyroxene composition in type I and II lherzolites and harzburgites in grey in (b) are from Takazawa et al. (2003) and Khedr et al. (2013) . (c) Variation of clinopyroxene composition as a function of grain size in the ultramylonitic sample (11-01; Sumail massif). A dotted arrow in (a) and (b) indicates within sample variations with decreasing grain size. This trend is similar to the one observed from less to more deformed peridotites (with comparable lithologies) within a given massif. It is also compatible with the trend expected during mineral crystallization under decreasing temperature (see text). 
Number of analysed grains. which displays slightly lower Na 2 O concentrations than those analysed so far in this massif (Fig. 6b) . Clinopyroxene exsolutions present in Opx1 were successively measured in one sample (13-39) and seem to have compositions similar to Cpx1. In each type of lherzolite, Cpx2 systematically has lower Al 2 O 3 and Na 2 O concentrations, and higher Mg#, than Cpx1. The Al 2 O 3 and Na 2 O contents of Cpx2 strongly decrease with increasing deformation (while Mg# increases). For instance, among type I lherzolites, the average Al 2 O 3 (and Na 2 O) concentration is equal to 2Á9 wt % (0Á2 wt %) in Cpx2 p , 1Á6 wt% (0Á1 wt %) in Cpx2 m and 1Á2 wt % (0Á1 wt %) in Cpx2 u (Fig. 6b) ). The field of abyssal peridotites is after Dick & Bullen (1984) . (b) Variation of spinel composition as a function of grain size in one mylonitic Cpx-harzburgite (squares; sample 13-77) and one protomylonitic lherzolite containing UMB (circles; sample 11-33c). These trends are shown in (a) as dotted arrows.
observed with decreasing grain size (e.g. Cpx2 u in 11-01 sample; Fig. 6c ).
As for other minerals, spinel composition primarily depends on the peridotite type. Spinel in lherzolites has lower Cr# (¼Cr/(CrþAl)) and higher Mg# than in Cpxharzburgites (Fig. 7a) . However, in each rock type, Spl1 has on average higher Cr# and TiO 2 , and, often, lower Mg# than Spl2 ( Fig. 7b; Table 3 ). These trends are also seen with decreasing grain size in each Spl2 generation (Fig. 7b) and from core to rim of Spl1 ( Fig. 7a ; Supplementary Data Table A1 ).
Amphibole is pargasite in type II lherzolite, pargasite to Mg-hornblende in type I lherzolite and a Mghornblende in Cpx-harzburgite (Fig. 8a) . Its Al(iv) and Ti contents decrease from the first to the last peridotite type (Fig. 8b) . Within lherzolite I, the alkalis, Ti and Al(iv) contents of amphibole slightly decrease with increasing deformation: Al(iv) is 1Á25-1Á77 in Amp t and Amp p , 1Á49-1Á55 in Amp m and 0Á89-1Á37 in Amp u . Interestingly, the Na and Al contents in amphibole and Cpx2 appear correlated from porphyroclastic tectonites to ultramylonites (Fig. 8c, d ), when considering the average value for each sample.
TRACE ELEMENT CHEMISTRY
Clinopyroxene, orthopyroxene and amphibole trace element concentrations were measured in six protomylonites (one cpx-harzburgite and type I and II lherzolites) and the ultra-mylonitic sample (Table 4) . Porphyroclasts (Cpx1 and Opx1) are distinguished in Fig. 9 from smaller grains located in the olivine matrix (Cpx2, Opx2 and Amp). Clinopyroxene displays variable rare earth element (REE) concentrations and fractionation (defined by varying ratios between light (L) and middle (M)REE and heavy (H)REE) depending on rock type, but always shows LREE-depleted patterns (Fig. 9a) . In type I lherzolites, Cpx1 and Cpx2 have similar LREE/HREE ratios (e.g. Sm/Yb, 0Á03-0Á27; La, Ce and Pr concentrations are mainly below detection limit) but Cpx1 has higher REE concentrations (Yb, 0Á9-1Á1ppm) than Cpx2 (Yb, 0Á4-0Á7ppm). In contrast to Cpx2, Cpx1 compositions overlap with the field of clinopyroxene from the Fizh and Sarami basal type I lherzolites (Takazawa et al., 2003 , Khedr et al., 2014 Fig. 9a ). In the Cpx-harzburgite, clinopyroxene has more depleted Yb (0Á2-0Á3ppm) and more fractionated REE patterns (Fig. 9a) . In type II lherzolites, clinopyroxene has higher REE (Yb, 0Á16-0Á26ppm) and is less fractionated than in type I lherzolites (e.g. Sm/Yb, 0Á57-0Á72). Cpx1 may also display slightly higher REE concentrations (e.g. Yb, 1Á6-1Á7ppm in sample 13-83) than Cpx2 (e.g. Yb, 1Á0-1Á7ppm in sample 13-83), yet both plot within the field of typical type II clinopyroxenes (Fig. 9a) . All types of clinopyroxene display similar negative Zr-Hf anomalies (Fig. 9b) . Enriched type II clinopyroxene has a slight positive Ti anomaly, whereas type I clinopyroxene has no to slightly negative Ti anomalies and Cpx-harzburgite clinopyroxene displays strongly positive Ti anomalies (Fig. 9b) .
Orthopyroxene also shows LREE depleted patterns and variations in REE content (Fig. 9c) . In type I lherzolites, Opx1 and Opx2 have similar REE fractionation (e.g. Tb/Yb, 0Á02-0Á04) but Opx2 has lower REE concentrations and plots outside of typical type I orthopyroxene (Fig. 9c) . In the Cpx-harzburgite, Opx1 and Opx2 have concentrations similar to Opx2 in type I lherzolites and show comparable REE fractionation ( Fig. 9c ; Tb/Yb, 0Á01-0Á02). Opx2, however, has slightly lower REE concentration than Opx1 (Yb, 0Á04-0Á08 and 0Á09-0Á12ppm, respectively). In type II lherzolites, the REE concentrations in orthopyroxene and fractionation is different in Opx1 and Opx2 (Fig. 9c) . Opx1 displays the highest REE concentration (Yb, 0Á25-0Á55ppm) and is less fractionated in the more incompatible REE (e.g. Tb/Yb, 0Á06-0Á13). Opx2 in type II lherzolites, in contrast, has lower REE concentration (Yb, 0Á09-0Á15ppm) and higher REE fractionation (e.g. Tb/Yb, 0Á02-0Á03), similar to orthopyroxene in other rock types. Orthopyroxene invariably displays positive Zr-Hf and Ti anomalies (Fig. 9d) .
Amphibole trace element patterns have only been measured in lherzolites. Except for the Wadi Tayin sample (11-10), amphibole is LREE-depleted compared to HREE (Fig. 9e) . Amphibole REE patterns are roughly parallel to those of associated clinopyroxene, but with slightly higher REE concentrations ( Fig. 9a, e ; Yb$1Á9-3Á1ppm). These LREE-depleted amphiboles are consistent with amphibole analyses from Sarami basal lherzolites (Khedr et al., 2014) . In contrast, in the Wadi Tayin sample, amphibole is more depleted in HREE (Yb$0.5-0.7ppm) and shows 'spoon-shaped' REE patterns characterized by an enrichment in the most incompatible REE (La, Ce, Pr; Fig. 9e ).
Partition coefficients of HREE between amphibole and associated matrix clinopyroxene (K Amp=Cpx 2 EuÀLu ) are reported on Fig. 9f . For samples with LREE-depleted amphibole, this partition coefficient decreases with increasing Cpx2 Na 2 O content, following the equilibrium trend established by Witt-Eickschen & Harte (1994; Fig. 9f ). This relationship suggests amphibole crystallization in thermodynamic equilibrium with Cpx2, except for the Wadi Tayin sample. Moreover, LREEdepleted amphibole has negative Zr-Hf anomalies whereas Wadi Tayin amphibole displays a positive anomaly in these elements (Fig. 9g) .
All pyroxene and amphibole (Fig. 9b, d , f) from analysed (proto)mylonitic samples are characterized by significant enrichments in FME: Cs (Cs PM , 0Á4-5), Li (Li PM , 0Á3-20) and B (B PM , 2-60 and B DMM , 3-400; Fig. 10a ). Clinopyroxene (Cpx1 and Cpx2) and orthopyroxene (Opx1 and Opx2) B concentrations appear to be in equilibrium with K Cpx =Opx B ¼ 1:26 (Fig. 10b) , suggesting that B enrichments measured in minerals are not due to tiny melt inclusions but to high B concentrations in their crystal structure. Moreover, Fig. 10b (grey arrows) also shows that, within a given sample, Opx2 p, m and Cpx2 p, m (matrix grains) have always higher B concentrations than Opx1 and Cpx1 (porphyroclasts), respectively.
THERMOBAROMETRY
In order to constrain the P-T paths of the Semail basal peridotites during banded unit deformation and subsolidus cooling, several thermobarometers have been selected (see Methods). As they have different closure temperatures due to differences in cations diffusion rates (e.g. Cherniak & Dimanov, 2010;  Table 5 ), combining thermobarometers is crucial to recover the P-T-deformation evolution during cooling of the peridotites.
We first use a thermometer based on Opx-Cpx REE partitioning, T REE of Liang et al. (2013) . T REE has the highest closure temperature (Table 5 ) due to slower diffusion rates of trivalent cations in pyroxene compared to divalent ones (Cherniak & Dimanov, 2010) , thereby (Takazawa et al., 2003; Khedr et al., 2014; Yoshikawa et al., 2015) . Chondrite and primitive mantle normalizing values are from Sun & McDonough (1989) and McDonough & Sun (1995) . On the right hand side, large vertical shaded bands refer to elements enriched in amphibolite-derived fluids (500-550 C). At higher temperatures, these fluids are also enriched in the elements highlighted by thin vertical lines (Ishikawa et al., 2005) . (f) Partition coefficient of heavy REE between amphibole and Cpx2 as a function of Na 2 O concentration in Cpx2. The shaded area shows the evolution trend, first defined by Witt-Eickschen & Harte (1994) for equilibrium between the two minerals.
giving estimations closer to the temperature of mineral crystallization.
We then use a thermometer based on Al and Cr concentrations in orthopyroxene (Witt-Eickschen & Seck, 1991) . Despite a lower closure temperature ($800 C; Table 5 ), applying this thermometer allows avoidance of problems of mineral disequilibrium and estimation of temperatures for a greater number of grains, including small grains in ultramylonites and UMB.
Lastly, we use a thermobarometer based on the exchange of enstatite and ferrosilite components between clinopyroxene and orthopyroxene (Putirka, 2008) . This T 2Px results from the improvement of the Brey & Kö hler (1990) two-pyroxene thermometer. As Fe diffusion is one order of magnitude faster than Al and Cr in the pyroxene lattice (Cherniak & Dimanov, 2010) , T 2Px and P 2Px will represent lower equilibrium temperatures. However, as T 2Px and P 2Px are both based on Fe-Mg exchanges, they must have comparable closure temperatures. A P-T gradient is thus obtained by combining T 2Px and P 2Px . Since P 2Px estimates absolute pressure with uncertainties of 6 3Á7 kbar, care was taken for interpreting absolute values and emphasis was placed on relative variations in thermobarometric estimates.
The mean T Ca in Opx and T Ol-Spl calculated for the different domains are also reported in Table 5 , but are not discussed below, as their lower closure temperatures do not allow us to retrieve additional information.
REE-in-two-pyroxene thermometry
The T REE method of Liang et al. (2013) was applied to porphyroclasts (Opx1/Cpx1) and finer-grained domain pairs from (proto)mylonites (Opx2 p /Cpx2 p and Opx2 m / Cpx2 m ; Fig. 9a, c) . T REE results indicate high temperatures for porphyroclasts between 1336 6 265 C and 1059 6 36 C (average value of 1163 6 104 C; Table 5 ) consistent with those from other ophiolitic peridotites (Dygert & Liang, 2015) . The Opx2 p /Cpx2 p and Opx2 m / Cpx2 m mineral pairs display lower temperatures ranging from 739 6 12 C to 843 6 60 C (Fig. 11a) , with comparable mean estimates of 795 6 37 C and 765 6 35 C, respectively (Table 5) .
Orthopyroxene thermometry
Mineral core temperature results are shown for T Al-Cr in Opx in Fig. 11b as a function of orthopyroxene grain size. Temperature estimates show a progressive decrease in equilibrium temperature with decreasing orthopyroxene grain size from porphyroclasts (Opx1) to Opx2 u , confirming progressive cooling during ongoing deformation (Fig. 11b) . Regardless of the rock microstructure, Opx1 core compositions give restricted estimates with a mean value of 1069 6 31 C in the lower range of T REE estimates. Such recovered T Al-Cr in Opx (after element diffusion during cooling) corresponds to mineral crystallization at >1200 C (Linckens et al., 2011a) . This is consistent with the highest T REE estimates indicating porphyroclast crystallization at $1200-1300 C. The composition of Opx2 t and >100 mm grains in the protomylonites give T Al-Cr in Opx of 980-850 C ( Fig. 11b ; with mean temperatures of 900-930 C; Table 5 ), similar to those estimated by Linckens et al. (2011a) . From cation diffusion analyses in orthopyroxene, these authors interpret these temperatures as representative of grain crystallization, i.e. porphyroclastic deformation, at $1200 C. Opx2 m and <100 mm Opx2 p grains give T Al-Cr in Opx <850 C (Fig. 11b) . This result may reflect either crystallization of grains at $900 C followed by diffusion, or grain crystallization at 850 C (Linckens et al., 2011a) . As T REE on these small grains also gives $740-840 C (Table 5) , this suggests that (proto)mylonitic deformation, i.e. the crystallization of the finer-grained polymineralic matrices, took place from $850 C (rather than 900 C) to $750 C. Opx2 u give lower temperatures, from 750 down to 650 C (Fig. 11b) . Negligible divalent cation diffusion below 800 C (Table 5) is consistent with crystallization of Opx2 u and the ultramylonitic matrix grains and UMB in this temperature range.
Two-pyroxene thermobarometry from major elements
The T 2Px method yields temperatures ranging from 908 6 38 C to 708 6 38 C (Table 5) , with a similar trend but lower temperature than T Al-Cr in Opx , especially at high temperature (Fig. 11c) . This confirms its lower closure temperature and suggests that the considered Opx-Cpx pairs approached equilibrium. The P-T evolution of the peridotites using P 2Px and T 2Px estimates is shown in Fig. 11d .
Pressure estimates range from $7Á8 6 3Á7 kbar to 1Á7 6 3Á7 kbar (Fig. 11d) . P-T regression lines indicate that, in each massif (except for Wadi Tayin where additional data are needed), the decrease in temperature (from $900 down to 700 C) is associated with a decrease in pressure (of up to 3 kbar), with grains located in ultramylonitic zones giving the lowest pressure estimates (Fig. 11d) . These results support coeval cooling and decompression of the basal peridotites during LT, protomylonitic to ultramylonitic deformation. These P-T evolutions are broadly parallel for the different massifs ($40-80 C/kbar). One should be aware, however, that the slope of Fig. 11d might be biased if T 2Px and P 2Px have a different diffusion behavior during cooling. The reality of this evolution, however, cannot be discarded (see Discussion). Differences in absolute pressure have been found between the different massifs, with a north to south decrease in pressure from Khawr Fakkan to Haylayn, and an increase in Sumail (and perhaps Wadi Tayin; Fig. 11d ).
DISCUSSION
Our results show that the basal peridotites from the Semail ophiolite experienced progressive cooling during a late and relatively low temperature deformation event, resulting in the formation of porphyroclastic tectonites to ultramylonites (from $1200 C down to 650 C). Coeval mineralogical changes point to metasomatic processes, as evidenced by amphibole crystallization and enrichments of primary minerals in fluid mobile elements (prior to serpentinization). In the following discussion, we investigate the timing (in terms of P-T-deformation conditions), the petrological and geochemical consequences for the peridotites and the source of this metasomatism in order to finally propose a plausible geodynamic scenario.
Petrological evolution of the basal peridotites
Basal peridotites range from porphyroclastic tectonites, through (proto)mylonites to very fine-grained ultramylonites, with indications for successive crystallization of minerals. The strong decrease in grain size is thought to reflect deformation under increasing stress and decreasing temperature from asthenospheric (porphyroclastic tectonites) to lithospheric conditions Ceuleneer et al., 1988; Nicolas et al., 2000; Linckens et al., 2011a) .
Pre-(proto)mylonitic basal peridotites: evidence for melt impregnation of basal protoliths (event 1)
The nature of the pre-protomylonitic basal peridotites, i.e. before the onset of LT mylonitic deformation, has to be inferred from the lithology of the porphyroclastic tectonites and porphyroclasts in the more deformed samples. Pyroxene porphyroclasts (Opx1 and Cpx1) in proto-to ultra-mylonitic lherzolites (>5% Cpx) have variable compositions, displaying either type I or type II compositions as first defined by Takazawa et al. (2003) . Cpx-harzburgite (>2% Cpx), lacks Cpx1, and Opx1 as well as Spl1 have a more refractory composition than in lherzolites (i.e. lower Al 2 O 3 and REE concentrations and higher Mg# in Opx1: Figs 6a and 9c; Spl1 with higher Cr#: Fig. 7a ). This heterogeneity in the basal part of the mantle, therefore, predates LT mylonitic deformation. Before the onset of mylonitic deformation, the basal part of the mantle was more fertile than the overlying mantle (mainly lherzolites vs harzburgites), either because of a lesser amount of partial melting and/or melt extraction (Lippard et al., 1986; Khedr et al., 2013 Khedr et al., , 2014 Yoshikawa et al., 2015) or of refertilization from below through melt-rock reactions (Godard et al., 2000; Takazawa et al., 2003) . In every porphyroclastic tectonite, Opx1 has very irregular grain boundaries due to replacement by finer-grain minerals ( Fig. 2a and Supplementary Data Fig. A1 ): olivine (Ol2 t ), clinopyroxene (Cpx1) and (Al-rich and Ti-poor) spinel (Spl1) and minor Fe-Ni sulfide and orthopyroxene (Opx2 t ). This has been interpreted in other peridotites, whether orogenic or abyssal, as resulting from the precipitation of new phases by reaction with or crystallization of percolating silicate melts under-saturated in Opx (Rampone et al., 1994; Dijkstra et al., 2001; Seyler et al., 2001; Mü ntener & Piccardo, 2003; Niu, 2004) . This suggests a secondary origin (rather than a residual origin) for Cpx1 in the studied porphyroclastic tectonites (Haylayn), resulting from in situ partial melting followed by incomplete melt extraction and/or fractional crystallization of a percolating melt with MORB-like composition (Bodinier & Godard, 2003) . The reaction forming the polymineralic domains in porphyroclastic tectonites may thus be of the following type:
The presence of exsolution lamellae in Cpx1 suggests that minerals of the polymineralic domain crystallized at or above solidus conditions (at $1200 C; Fig. 12 ). In agreement with microstructures and thermometric estimates, this confirms deformation of the porphyroclastic tectonites at asthenospheric conditions, possibly during accretion-related processes.
A second reaction is evidenced in some porphyroclastic tectonites by the crystallization of HT amphibole (from Parg to Mg-Hb; Figs 3 and 8) at the edges of Cpx1 or Opx1. Amphibole destabilizes and partly corrodes the grain boundaries of these minerals (Supplementary Data Fig. A1d ), suggesting that it formed after Cpx1 crystallization, i.e. at a lower temperature than porphyroclastic deformation conditions (as discussed in greater length below).
In other basal peridotites, from protomylonites to ultra-mylonites and UMB, textural relationships between Opx1, Cpx1 and Spl1 are partly obscured by subsequent LT deformation, and the (primary or also secondary) origin of Cpx1 is consequently difficult to ascertain.
(Proto)mylonites to ultramylonites: evidence of hydrous melts/silicate fluids interacting with peridotites during LT deformation (event 2)
In protomylonites, grain size reduction mainly occurs around pyroxene porphyroclasts (Opx1 and Cpx1). They display very irregular grain boundaries and are replaced by fine-grained polymineralic aggregates (Figs 4 and 5) composed of Ol2 p 6 Cpx2 p 6 Opx2 p 6 Spl2 p 6 Amp p 6 Fe-Ni Sulf (Table 2) . Cpx2 p and Opx2 p are devoid of exsolution, suggesting crystallization at subsolidus conditions. These phases are also observed, co-crystallizing in places, as vermicular interstitial phases along olivine-olivine (Ol1) grain boundaries in the coarser olivine matrix (Fig. 4e) . The polymineralic nature of the finer-grained domains surrounding and precipitating at the expense of pyroxene porphyroclasts suggests that dynamic recrystallization was not the main driving mechanism for grain size reduction, but instead that dissolution/precipitation processes largely contributed to the formation of these finer-grained domains (Newman et al., 1999; Toy et al., 2010; Linckens et al., 2011b) .
Pyroxene porphyroclasts in (ultra)mylonites display similar textural features implying that this reaction occurred at the protomylonitic stage for every peridotite and/or that pyroxene porphyroclasts were continuously consumed during strain localization and related temperature decrease. In mylonites, ultramylonites and UMB polymineralic domains, the same secondary phases are observed (Ol2 m, u 6 Cpx2 m, u 6 Opx2 m, u 6 Spl2 m, u 6 Amp m, u 6 Sulf; except in the Wadi Tayin sample, where amphibole is only found in UMB: Fig. 5f ). They have interstitial, irregular shapes with, locally, cusps in between olivine grains, and are embaying or completely armoring them in places (Fig. 2c) . This microstructure suggests that crystallization of these secondary phases also resulted from chemical reaction rather than mechanical processes (Newman et al., 1999; Kaczmarek & Mü ntener, 2008; Toy et al., 2010; Kaczmarek & Tommasi, 2011) . The reaction observed in the protomylonites (dissolution of Opx1, Cpx1 and Ol1 and crystallization of a finer-grained polymineralic matrix), therefore, occurred up to the (ultra)-mylonitic stage of peridotite deformation.
Amphibole is present in every protomylonitic to ultramylonitic peridotite analysed (again, only in UMB in Wadi Tayin; Fig. 5f ). In the upper mantle, amphibole crystallizes when H 2 O-rich fluids and/or melts percolate through peridotites at subsolidus conditions (Niida & Green, 1999) . Two scenarios may account for their crystallization: (i) a post-deformation metasomatic process, whereby a fluid dissolved peridotitic phases to precipitate amphibole (as suggested for the Sarami basal peridotites; Khedr et al., 2013) ; and (ii) a syn-deformational co-crystallization with other phases composing the finer-grained polymineralic mixture (Fabriè s et al., 1991; Vannucci et al., 1995) . Amphibole is only found in association with finer-grained polymineralic mixtures, i.e. around and within pyroxene porphyroclasts and disseminated in the olivine matrix with the other phases. Moreover, from protomylonites to ultramylonites and UMB, contrary to porphyroclastic tectonites, amphibole has euhedral to subhedral grain shapes and shares straight or slightly curved grain junctions with the other phases of the polymineralic domain, never partly replacing them (Figs 4 and 5) . Amphibole grain size is also proportional to the grain size of Cpx2, decreasing from protomylonites to ultramylonites and UMB (Supplementary Data Fig. A2 ). Major and REE element concentrations indicate that the amphibole composition is in equilibrium with the Cpx2 composition (Figs 8c, d  and 9d ). These observations advocate against postdeformation metasomatic hydration and support amphibole crystallizing at equilibrium with the other phases constituting the polymineralic mixtures. Hydrous liquids must have percolated and reacted to form the new minerals of the finer-grained polymineralic mixture.
This reaction first occurred in the protomylonitic peridotites and was active until ultra-mylonitic deformation. Considering the evidence listed above, the reaction can be balanced as follows: Figure 12 summarises the distinct recrystallization events documented during LT deformation (i.e. in proto-to ultra-mylonites and UMB) and our interpretations.
Characteristics of hydrous liquid(s) infiltrating the banded peridotite unit during event 2
The nature and composition of metasomatic minerals crystallized during (syn-mylonitic deformation) event 2 can be used to constrain the nature and origin of the hydrous metasomatic agent ( e.g. Vannucci et al., 1995; Dijkstra et al., 2002b; Coltorti et al., 2007; Liu et al., 2010) .
Nature of the metasomatic hydrous liquid: melt or fluid?
Major elements and REE concentrations of newlyformed metasomatic pyroxenes (Opx2 and Cpx2) do not differ significantly from those of the porphyroclasts Table 3 in Fig. 12) . Similarly, Al 2 O 3 , FeO and Na 2 O concentrations in Cpx2 are lower, whereas they gain in SiO 2 , CaO and MgO and have higher Mg# compared to Cpx1 (Fig. 12) . Spl2 has systematically lower Cr#, TiO 2 and, in some samples, higher Mg# than Spl1 (Fig. 7) . The same gradual compositional variations are found in Opx2, Cpx2 and Spl2 with decreasing grain size (within sample and between less to more deformed peridotites in a given massif; Fig. 12 ). For REEs, Opx2 and Cpx2 in (proto)mylonites have LREE-depleted trace elements patterns comparable with those of Opx1 and Cpx1, but contain comparatively lesser amounts of REE. This variation in REE content is larger for orthopyroxene than for clinopyroxene (Figs 9a, c) . These progressive compositional variations (in major and trace elements), both between primary and metasomatic minerals and with decreasing grain size, are similar to variation trends expected during sub-solidus cooling and decompression of pyroxene and spinel (e.g. Sack & Ghiorso, 1991; Niida & Green, 1999; Cherniak & Liang, 2007; Borghini et al., 2010 and Voigt & von der Handt, 2011, respectively) . This shows that the percolating metasomatic liquid was not strongly enriched in major elements and REE, in particular in the most incompatible LREE (e.g. Rampone et al., 1994; Dijkstra et al., 2002b) , and suggests that new phases crystallized at thermodynamic equilibrium during syn-LT deformation cooling and decompression of the basal peridotites. Except for the Wadi Tayin amphibole, metasomatic minerals are highly depleted in High Field Strength Elements (HFSE: Th, U, Nb and Ta generally below the detection limit; Fig. 9 and Table 4), also suggesting no or limited input of these elements by the metasomatic agent. Interestingly, these elements (as for LREE) have low solubility in hydrous fluids, whereas they are highly mobilized in hydrous melts (e.g. Kessel et al., 2005) . In contrast, all the minerals are highly enriched in FME (especially B and Li; Fig. 9 ). The high FME/HFSE and FME/LREE ratios of the metasomatic agent, together with its low concentration in major elements and REE, favour hydrous fluid-induced metasomatism of the basal peridotites (except perhaps in Wadi Tayin, where hydrous melts may also have been involved).
Composition and origin of the hydrous fluids
The amphibole content in the analysed peridotites ranges from 0Á3 to 3Á7%, increasing with increasing deformation (Fig. 3) . Thermodynamic modeling has recently been performed for hydrous harzburgites (Hidas et al., 2016) and lherzolites with similar compositions (Supplementary  Data Table A1 ; Pré cigout et al., 2017) at similar moderate P-T conditions. Results indicate that the amphibole content in hydrous peridotites cannot exceed $3-4% between 850 and 750 C, and 2 and 9 kbar, even under water-saturated conditions (Fig. 3) . Therefore, the apparent low amphibole content of the basal mylonites does not imply interaction with a small amount of hydrous fluid or an H 2 O-poor fluid. The absence of chlorite, however, suggests that, below $700-750 C (i.e. during ultramylonitic deformation), the peridotites either interacted with a small amount of hydrous fluid, crystallizing amphibole only (Pré cigout et al., 2017) , or deformed without further input of fluids, as chlorite would have crystallized under water-saturated conditions (Hidas et al., 2016) .
The low K 2 O concentration in amphibole (Table 3 ) and the absence of phlogopite crystallization during fluid-peridotite interaction suggest that the hydrous fluid was relatively poor in K. Minerals in the proto-mylonites display marked enrichments in B and Li and less pronounced enrichment in Rb and Ba (Fig. 9) . Mineral concentrations of these elements, together with Pb, Th, Nb and Sr for orthopyroxene, are not positively correlated with mineral HREE concentrations and, therefore, do not solely result from magmatic (partial melting and crystallization) processes. Yoshikawa et al. (2015) measured on such FME-enriched Cpx of the basal peridotites from the Fizh massif, high The timing of the acquisition of this high-FME signature is not totally clear from our geochemical data. On one hand, in proto-to ultra-mylonitic samples, B concentrations measured in Px2 (Px2 p, m, u ) are always higher than those in Px1 (Fig. 10b) , which suggests that at least part of the mineral FME enrichment has been acquired during syn-deformational crystallization of those secondary phases, i.e. during metasomatic event 2. However, we also measure higher B concentration in Px1 compared to DMM pyroxene (Fig. 10a) . Two explanations may account for this last observation: (i) an earlier episode of metasomatism predating proto-mylonitic deformation or (ii) FME diffusion after metasomatic event 2 and crystallization of secondary phases, leading to FME enrichment of neighboring Px1. Boron isotopic results presented in Prigent et al. (2018) reveal that, contrary to proto-to ultra-mylonites, porphyroclastic tectonite samples have B isotopic compositions close to the DMM value, implying that the high 11 B/ 10 B signal of the basal peridotites was entirely acquired during event 2. There is also no textural evidence of hydrous metasomatism prior to event 2 (see above). Moreover, the highest B concentration measured in Px1 are in samples where Px2 also display the highest B concentration, and conversely (e.g. sample 13-121 vs 13-82; Fig. 10b ). We thus favor the second hypothesis and propose that most of the mineral FME enrichment was acquired through FMErich hydrous fluid/basal peridotite interaction during their proto-to ultra-mylonitic deformation, i.e. during event 2.
The FME found enriched in basal peridotite minerals usually show very low concentrations in depleted mantle rocks (Salters & Stracke, 2004) , ruling out an in situ origin of the aqueous phase, in contrast to other deformed peridotites (e.g. Newman et al., 1999; Toy et al., 2010; Hidas et al., 2013) . Additionally, in their study of the Semail ophiolite, Ishikawa et al. (2005) demonstrated that the fluids derived from the dehydration of the HT metamorphic sole (>700 C) were characterized by strong enrichments in B, Rb, K, Ba, Nb, LREE and, to a lesser extent, in Sr, Be, Li and Pb (see vertical overlays on Figs 9b, d, g; Cs was not measured). Significant amount of K release during amphibolite dehydration appears, however, unlikely as the amphibole in these mafic rocks has a generally low to very low K 2 O content (<1 wt % in HT sole amphibole; Soret et al., 2017) . Except for Th and LREE, the composition of HT sole-derived fluids, therefore, matches the elements displaying abnormal concentrations in the analysed peridotite minerals (Fig. 9) . Yoshikawa et al. (2015) and Prigent et al. (2018) also proposed that the Sr and B isotopic signatures are compatible with interaction of the peridotites with metamorphic sole-derived fluids. Testing this hypothesis requires precise estimates of the temperature of deformation of the basal peridotite, and specifically of the temperature at which metasomatic minerals crystallized in the finer-grained proto-mylonitic matrix.
P-T-deformation path of basal peridotites and T of fluid-peridotite interaction Deformation vs T and T of fluid-basal peridotite interaction As discussed above, except in Wadi Tayin, hydrous fluid-basal peridotite interaction was responsible for dissolution/precipitation processes and contributed to grain size reduction during the protomylonitic deformation, forming finer-grained (proto)mylonitic aggregates. Thermometry results indicate that this reaction started at $850 C (i.e. the onset of proto-mylonitic deformation). This temperature is similar to the peak temperature for metamorphism of HT soles (Hacker & Gnos, 1997) , i.e. HT sole dehydration (Ishikawa et al., 2005) . So we conclude that event 2 metasomatism accompanying the deformation of the basal peridotites relates to amphibolite (HT sole) dehydration, syn-LT deformation fluid percolation through the overlying mantle (i.e. the present-day banded unit) and subsequent fluid-peridotite interactions.
In Wadi Tayin, hydration of the basal peridotites seems coeval with ultramylonitic deformation, hence at lower temperature ($650-750 C; Fig. 11b ) than in the other massifs. Further data are needed but the distinct amphibole composition in Wadi Tayin may hint at slightly different processes.
Exhumation of basal peridotites during LT deformation
Under sub-solidus conditions the variations of Al and Na contents in clinopyroxene are positively correlated with temperature and pressure conditions, respectively (e.g. Niida & Green, 1999; Fumagalli et al., 2009; Borghini et al., 2010) . In the basal peridotites, clinopyroxene Al and Na content in Cpx decreases with grain size, within each sample and within each massif for similar whole-rock compositions (Fig. 6b) , from less deformed to more deformed peridotites. This result supports the hypothesis that cooling of the basal peridotites took place during LT deformation and decompression. The presence of spinel among the products of event 2 hydrous metasomatism in the (proto)mylonites implies that (proto)mylonitic deformation took place at P > 6-7 kbar (Borghini et al., 2010) . It is higher than the pressure load deduced from the present-day thickness of ophiolitic massifs (Lippard et al., 1986; Nicolas et al., 2000) , also suggesting that decompression occurred during LT deformation of the basal peridotites.
Results of the thermobarometric study of the basal peridotites from each massif (Fig. 11d) indicate that they experienced an $3 kbar decompression (exhumation of $10km) during LT deformation, from at least 900 to 700 C in Fizh and Haylayn. Estimated T/P gradients for the banded units are comparable along-strike ($40-80 C/kbar), except in Wadi Tayin where decompression appears to have occurred across a more restricted temperature range ($15 C/kbar). As for any such method, one should be aware that if the thermometer and barometer have a different diffusion behavior, then the exhumation P-T path shown here may have no real tectonic meaning. Despite the large uncertainties, the parallel T/P trend observed for the metamorphic sole and its associated basal peridotites nevertheless suggest that the results are probably meaningful. Interestingly too, the pressure values obtained for the last reequilibration stages (e.g. $4 kbar for Fizh and $2Á5 kbar for Sarami; Fig. 11d ) closely match the final ophiolite thickness and its variation between massifs ($16 km for Fizh and $7Á5 km for Sarami; Lippard et al., 1986) . Contrasts in maximum pressure for the different massifs (Fig. 11d) hint to thickness variations in the overlying oceanic lithosphere during early underthrusting/subduction infancy. The north to south decrease in pressure from Khawr Fakkan to Haylayn, and the increase from Sumail to Wadi Tayin (Fig. 11d) , is consistent with the position of the former ridge (hence shallower mantle) in the central part of the Semail ophiolite (Nicolas et al., 2000; Le Mé e et al., 2004) .
Comparison with the formation and exhumation of the HT metamorphic sole
The HT amphibolitic to granulitic metamorphic sole formed at temperatures ($850-750 C; Searle & Malpas, 1980; Hacker & Gnos, 1997; Soret et al., 2017) equivalent to those reported here for banded unit (proto)mylonitic deformation (Table 5) . Moreover, the composition of fluids released during dehydration of the HT metamorphic sole matches that of the hydrous fluids metasomatising the basal peridotites (see above discussion). This is in favor of the formation and dehydration of the HT sole during (proto)mylonitic deformation of the basal peridotites and is in support of a close genetic and mechanical link between the two units, the HT sole and the overlying banded unit (as pointed out by Jamieson (1986) and ).
The HT amphibolitic to granulitic sole was formed at 10 6 2 kbar Soret et al., 2017 and references therein) . This corresponds to a depth of $30 km, assuming a lithostatic pressure; however this thickness does not match that of present-day ophiolitic massifs (on the order of 10-15 km). It has been shown that the HT sole slices were rapidly (< 1-2 Myr; see Rioux et al., 2016 and references therein) exhumed along the subduction plane and accreted on top of a greenschist facies metamorphic sole formed at $550 6 50 C and $5 6 1 kbar (Soret et al., 2017) , which constrains their retrograde P-T path (Fig. 11d) . The evolution of the HT sole shares strikingly similar features with the banded unit during its (proto)mylonitic to ultramylonitic deformation: (1) exhumation from $850 C down to $600-700 C, (2) exhumation of $10 km and (3) a mean T/P gradient of $40 C/kbar (except for Wadi Tayin). So we propose that the HT sole formed, dehydrated and was accreted to the overlying banded unit peridotites during their (proto)mylonitic deformation and that both units were exhumed simultaneously along the subduction interface during ultramylonitic deformation. A discrepancy, however, arises from the absolute P value estimated for metamorphic soles and banded unit peridotites. At the temperature of HT sole formation, P 2Px of the banded unit peridotites is probably lower ($ 3 kbar difference; Fig. 11d ). This discrepancy may be explained by: (1) problems in absolute P value recovery using the P 2Px barometer (uncertainty of 6 3Á7 kbar and later reequilibration through FeMg diffusion, to be added to $1 kbar uncertainty of thermobarometric estimates for the metamorphic sole); and/or by (2) higher P in peridotites (at higher T?) not recovered because of fast element self-diffusion above 900 C (Cherniak & Dimanov, 2010) ; and/or by (3) along strike differences in the P conditions of the HT granulitic soles, which are difficult to ascertain with thermobarometric modelling (Gnos, 1998; Plunder et al., 2016) .
Geodynamic model and implications
A geodynamic model based on our observations and interpretations (Fig. 13) is proposed below. From the mantle perspective, the ophiolitic peridotites were first depleted by melt extraction to form the (Neotethyan) Semail lithosphere (V1 lavas). During this accretion stage, the present basal peridotites comprised heterogeneous, fertile peridotites (Cpx-harzburgitic to lherzolitic porphyroclastic tectonites, with type II lherzolites having compositions close to DMM), being partly affected by melt-rock interaction through event 1 and deformed at asthenospheric conditions. The Semail oceanic lithosphere was very young (< 1-2 Myr old) at the onset of intra-oceanic underthrusting/subduction (Fig. 13a; Hacker, 1991; Rioux et al., 2013 Rioux et al., , 2016 , suggesting that the lithosphere-asthenosphere boundary (LAB) was still shallow, at $10-15 km depth. Porphyroclastic tectonites were, therefore, likely located and deforming at or below the LAB.
When the upper crustal part of the downgoing plate reached $30 km depth, the temperature near the subduction interface was around 850-800 C. HT sole dehydration released hydrous fluids which percolated through the overlying mantle (Fig. 13b) , dissolving primary minerals from the porphyroclastic tectonites (Opx1, Ol1 and Cpx1) and precipitating the finer-grained minerals comprising the basal (proto)mylonites (i.e. Cpx2 p, m 6 Opx2 p, m 6 Ol2 p, m 6 Amp p, m 6 Spl2 p, m 6 sulfides). Thermodynamic modelling indicates that minor amounts of hydrous melt (<6 vol.%), together with supercritical fluids, were produced at this stage in the HT sole, but field observations suggest that this melt was likely trapped in the host-rocks (Soret et al., 2017) . No evidence of crustal-derived melt was in any case found in the studied peridotite samples. This observation and the geochemical characteristics of the peridotite minerals (e.g. specific FME enrichment and high d 11 B, see discussion above) suggest that the percolating metasomatic agents were more likely hydrous fluids than hydrous melts. Fig. 12 at the proto-mylonitic stage. The overlying oceanic lithosphere was, therefore, thicker, likely $30 km thick, than inferred from the present ophiolite thickness, as shown for Fizh and Haylayn. (c) The HT sole was directly accreted to the base of the future ophiolite and was exhumed, together with basal banded unit peridotites, along the subduction plane; exhumation of the banded unit may have been accompanied by thinning and/or removal of the ophiolite mantle immediately above during early underthrusting/subduction. Present-day thicknesses of the different units in Fizh and Haylayn are from Lippard et al. (1986) .
With continuing thermal equilibration of the nascent subduction zone, the basal peridotites progressively cooled down and were exhumed by $10 km, together with the HT metamorphic soles during ultramylonitic deformation (down to $650 C; Fig. 13c ), ultimately reaching depths of $10-15 km and matching the present-day thickness of ophiolitic massifs. As chlorite (stable at <700-750 C at those conditions; e.g. Hidas et al., 2016) has not been found in the ultramylonites, their deformation must have been associated with no or limited input of fluids, probably because most fluids were channelized below the accreted soles. Ductile deformation of the basal peridotites stopped at $650 C. Metasomatism and exhumation of basal peridotites during subduction infancy has the following implications:
1. HT soles were accreted to the (proto)mylonitic basal peridotites immediately after their formation (at T of 850-750 C and $30 km depth). The contact between the HT soles and these banded unit peridotites, therefore, represents the frozen-in subduction interface of an immature, hot and shallow subduction zone and the (proto)mylonitic banded unit represents a fossilized, hot mantle wedge deformed and metasomatized by subduction fluids immediately above the plate interface (Fig. 13b) . 2. These amphibolitic, HT sole-derived fluids, after interacting with this (proto)mylonitic basal mantle wedge, may have percolated further upsection (Figs 12b and 13b), either: (i) metasomatising the mantle wedge just above the banded unit; (ii) triggering its hydrous partial melting (Ishikawa et al., 2005; Kanke & Takazawa, 2014) ; or (iii) enriching migrating melts in volatiles (depending on the thermal structure and deformation patterns above the nascent subduction zone). The two latter hypotheses would better explain the genesis of the FME-enriched V2 magmas (e.g. Ishikawa et al., 2002; Goodenough et al., 2014) , which were emplaced in the Semail ophiolitic crust contemporaneously with HT sole formation (Rioux et al., 2016) . 3. Ultra mylonitic shear zones developed during the joint exhumation of the basal peridotites and HT soles, from 750 down to $650 C (Fig. 13c) , cannot be solely related to the initial subduction process. Whether this exhumation was achieved through general mantle thinning and/or relative exhumation along these ultramylonitic shear zones, or through a different mechanism remains unclear ( Fig. 13b ; Dewey & Casey, 2013; Agard et al., 2016) . 4. The basal peridotites of the Semail ophiolite provide direct access to the protoliths of mantle wedge serpentinites and to processes occurring prior to serpentinization, which have been shown to play a significant role on serpentinite composition and in arc magmatism as a result (Deschamps et al., 2013) . The fertile, extensively metasomatized peridotitic lithologies observed here are likely sources of REE and FME and may influence the oxidation state of mantle wedge serpentinites (Deschamps et al., 2010 (Deschamps et al., , 2013 .
Mantle tectonic units similar to the Semail basal banded unit (also called 'lherzolitic' or 'mantle sole' by Suhr & Batanova, 1998 and Dewey & Casey, 2013) have been described from the Newfoundland and Thetford mine ophiolites, overlying metamorphic soles. They range from Cpx-rich harzburgites to lherzolites (Suhr, 1993; Suhr & Batanova, 1998; Page et al., 2008) , show crystallization of interstitial HT amphibole (McCaig, 1983; Jamieson, 1986; Page et al., 2008) and are affected by a deformation consistent with that of the mafic HT soles below, both in terms of deformation patterns and temperature ($850-750 C; McCaig, 1983; Jamieson, 1986; Dewey & Casey, 2013) . Our observations and interpretations can, therefore, probably be generalized to other ophiolites and processes happening in the mantle wedge shortly after the start of subduction.
CONCLUSIONS
The basal banded unit of the Semail ophiolitic mantle was affected by a LT deformation event resulting in porphyroclastic to ultramylonitic peridotite textures, ascribed to early underthrusting/subduction infancy, from asthenospheric temperatures down to $650 C. Detailed investigation allows identification of two events of melt/fluid-rock interaction: a HT event coeval with porphyroclastic deformation (event 1: T$1200 C) and attributed to MORB-melt/peridotite interaction, and a second, hydrous event during LT (proto)mylonitic deformation (event 2: T$850-750 C) which likely took place until ultramylonitic deformation conditions ($750-650 C). Event 2 is associated with the dissolution of pyroxene porphyroclasts and co-precipitation of finer-grained olivine, clinopyroxene, orthopyroxene, HT amphibole (from pargasite to magnesio-hornblende), Al-rich spinel and minor sulfide. This modal metasomatism is associated with mineral enrichment in FMEs (especially in B and Li) matching HT sole-derived fluid compositions (Ishikawa et al., 2005) . Other compositional changes (major elements and REE) are consistent with reequilibration of peridotitic mineral compositions with evolving P-T conditions during syn-LT deformation. So we propose that event 2 results from peridotite interaction with hydrous fluids released during dehydration of the HT amphibolitic to granulitic sole at $800 6 50 C and $30 km depth during subduction infancy. Both units, basal peridotites and HT soles, were subsequently jointly exhumed along the subduction interface, from $30 to $15 km depth, during mantle ultramylonitic deformation.
The HT sole/basal ophiolitic mantle contact, therefore, represents a fossil subduction interface and the overlying (proto)mylonitic mantle a frozen-in, incipient mantle wedge which experienced partial metasomatism by subduction fluids and cooling. Future studies of this basal mantle will be key to further constraining subduction processes (particularly for warm settings) that cannot be accessed otherwise.
